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[57] ABSTRACT 

Temperature sensors A, B, and C are arranged near a CPU, 
HDD, and PC card controller, and monitor changes in 
temperature of these devices. When a given temperature 
sensor detects that the temperature of the corresponding 
device has exceeded a threshold temperature, the device to 
be cooled is determined by identifying that temperature 
sensor, and cooling is done at power suited to the tempera- 
ture characteristics of the determined device. 

35 Claims, 20 Drawing Sheets 



BATTERY SAVE MODE 


FULL POWER 


LOW POWER 


USER SETTING 


COOLING METHOD 


PERFORMANCE 
(MOTOR FAN) 


QUIET 
(CPU CLOCK) 


PERFORMANCE/QUIET 



FAN ROTATIONAL SPEED 0:STOP 1:L0W 2:MEDIUM 3:HIGH 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct 17, 2000 



Sheet 1 of 20 



6,134,667 



CO 



CNJ 



o 

Of 



CO 

>- 

CO 



s 



I. 



o 
I— 

LU 

o 



CO 





to 

CNJ 




LU 




LU 






_l 
Ll- 


O 




Ot£ 


O —I 




—1 -< 




LU 


o > 




1— 






CO 


O- LU 






O h- 






J— z 




LU 


CO — 






LO 





O 



CO 

>- 

CO 



in 



CO 



-I 



o 

CO 
CD 











S 








O LU 


o 






o s 


-U 






1 — 














Q_ Q 


cr> 






O —1 


1— o 




1— O 


CO O 




CO □:: 



CM . 



CO 



_i s 

— I CO 



CO 



Q_ 



CD 

-CO 

UJ 

CO 



OCD 



o 



CD 
O <LJ> 



CNJ 



CO 



J U U U I 



CM 
CM 




CM 



GO 



CO 



CO 

>- 
LU 

I— 
CD 



c-:><c 

— CD 



o 

CD 



12: 



1 



CD 

-< 

CD t— 
CD CD 



CM 

a. 



CD 




CD 



CD 
CO 



CO 



o 
—I 

CO 













O 








CO 



>- 

I 

0_ LU 
^ I 

CO I 

LU I— 
CD CD 

a- CD 







CD 


CM 
-< 


CM 


CM 
CD 




QQ 


CD 


INSOR 






1 1 i 

CO 







CO 



CO 



CT5 



LU 



CO 



□ 



CO 



CD 
I— 

a- 

CD 
-< 

CD 



CD 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent ocl 17,2000 sheet 2 of 20 6,134,667 



STOP GRANT CYCLE 
I S GENERATED AFTER 
STPCLK IS ASSERTED 
(RELATIVELY 

HIGH SPEED) 



NORMAL STATE 
~ 700mA 



[CLK] RUNNING 
[CLK2] RUNNING 



STPCLK IS DEASSERTED 
(HIGH SPEED) 



STOP GRANT STATE 
20 ~ 55mA 



[CLK] RUNNING 
[CLK2] RUNNING 



CLK IS STOPPED 
(INSTANTANEOUS) 




CLK IS STARTED 
(TIME-CONSUMING DUE 
TO WAIT OF 1 msec) 



STOP CLOCK STATE 



[CLK] 
[CLK2] 



STOPPED 
STOPPED 



FIG. 2 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 3 of 20 



6,134,667 



CZ) 

I 

o 

CO 



o 
_l 

o 

I— 




CO 




CD 
I— 
CO 



Qu 
CO 



o 



OLU 



CD 



CD 



CO 
CD 



CO 



CO 



Q-Q 
h- -J 

CDrn 



CO 
CD 



GQ 
CO 

e3 



CO 

c3 



CO 

c3 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 4 of 20 



6,134,667 



O 









3= 




3S 


GO 




CD 


uu 




\ 


ro 




CP 
















oo 




oc 


r — 


CO 




CO 


</> 






O) 






1- 






"O 


cz> 




"O 




1 


<t: 


tl 


1) 


II 




-4— » 










-1— « 


O 


a> 






o 




CO 






>* 




cu 


oo 


OS 




-o 









<U «J o 
oo Q_ oo 



o 

oo 

oo 



(V 

CO 



oo 



o 
o 



o 



a> 



OJ 

CO 



-o 
a> 

-♦— ' 
o 
a> 

a> 
oo 
I 

o 



II II 


II 


II 


II 


II II 


11 


II 




V 














T3 








CO 






O 








a> 














o 












CD 








cu 


a> 






> 


.1— ' 


o 


> 














as 












oo 










o 


Q. ^ 




o 


CD 


o -a 


bo 




3 o 








c 




1 












O- 


C_3 


<u 




a> 


E O 


-1— < 














c 








CO 


CO 


C3 >» 




o 


O Q- 






>* 


— a> 


o 


o 


cu cQ 


oo 


1^ 







OO 



CO CO CO CO 

CSJ O G CVJ 
CO 

n — CD CO ^ 



II 



II II 



OO 

o 

"O CO 
CO 

CO a> cu 

-I-/ CO 03 
O OS X ^ 

I — m LU 



oo 



a> 




\_ 








a> 




jO 




-♦— • 








X 






CO 


LU 




ra 


k- 








o 










OS 




O 


o 




OJ 


o ^ 








o 






-O 


<c — 




-t— > 




CJ o 




c 


c 








LU 


tl II 


II 


II 


It 




CO 















a> 
o o 



"O <^ 
■<C — 

CO 
CO 

— Q 

o. 

CO Ci 
Q —J 



o >> 
— OS 

O 

C_? Q. 
CO 

— 
Q. a 

CO O 



o 
■4-1 
a> 

oo 
a> 
O 



CJ> o 
—I Q- 



X 



ra 

k- 
o 



oo 



-a 
o 



c3 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct 17, 2000 



Sheet 5 of 20 



6,134, 



FULL POWER 



FIG. 5A 



LOW POWER 



FIG. 5B 



USER 
SETTING 



FIG. 50 



OTHERS 



Powe 

CPU 

Batt 

Ala 

Sys 

Ala 
Key 
Poi 
Boo 



r-up Mode 
Cache 

ery Save Mode 



= Boot 
= Enabled 
= Ful I Power 



BATTERY SAVE OPTIONS 

Processing Speed = High 



CPU Sleep Mode 
Display Auto Off 
HDD Auto Off 

LCD Brightness 
Cool ing Method 



= Disabled 
= 30Min. 
= Disabled 

= Bright 

= Performance 



OTHERS 



Powe 

CPU 

Batt 

Ala 

Sys 

Ala 
Key 
Poi 
Boo 



r-up Mode = Boot 

Cache = Enabled 

ery Save Mode = Low Power 

BATTERY SAVE OPTIONS — 

Processing Speed = Low 
CPU Sleep Mode = Enabled 

Display Auto Off = 3GMin. 



HDD Auto Off 

LCD Brightness 
Cool ing Method 



= Enabled 

= Bright 
= Quiet 



OTHERS 



Power-up Mode 
CPU Cache 
Battery Save Mode 



= Boot 

= Enabled 

= User Setting 



Ala 
Sys 

Ala 
Key 
Poi 
Boo 



BATTERY SAVE OPTIONS 



Processing Speed 
CPU Sleep Mode 
Display Auto Off 
HDD Auto Off 

LCD Brightness 
Cool ing Method 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. 17,2000 sheet 6 of 20 6,134,667 



BATTERY SAVE MODE 


FULL POWER 


LOW POWER 


USER SETTING 


COOLING METHOD 


PERFORMANCE 
(MOTOR FAN) 


. QUIET 
(CPU CLOCK) 


PERFORMANCE/QUIET 





FAN ROTATIONAL SPEED 0:STOP 1:10* 2:ME0IUM 3:HIGH 



FIG. 6 



TEMPERATURE 


COOLING METHOD 


FAN ROTATIONAL SPEED 


A2 OR MORE 


COOLING METHOD A 


FAN = 3 


A1 OR LESS 


RELEASE OF COOLING METHOD A 


FAN = 0 


B2 OR MORE 


COOLING METHOD B 


FAN = 2 


81 OR LESS 


RELEASE OF COOLING METHOD B 


FAN = 0 


C2 OR MORE 


COOLING METHOD C 


FAN = 1 


CI OR LESS 


RELEASE OF COOLING METHOD C 


FAN = 0 



FIG. 7 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. 17, 2000 sheet 7 of 20 6,134,667 



RELATION BETWEEN TEMPERATURE RISE AND FAN ROTATIONAL SPEED 



HIGH 










TEMPERATURE 












A2 OR MORE 


FAN = 


3 






B2 OR MORE 


FAN = 


2 






A1 OR LESS 


FAN = 


1 






C2 OR MORE 


FAN = 


1 






81 OR LESS 


FAN = 


0 






CI OR LESS 


FAN = 


0 


LOW 










TEMPERATURE 









FIG. 8A 



RELATION BETWEEN TEMPERATURE FALL AND FAN ROTATIONAL SPEED 



HIGH 

TEMPERATURE 

A2 OR MORE 
82 OR MORE 
Al OR LESS 
02 OR MORE 
81 OR LESS 
01 OR LESS 

LOW 

TEMPERATURE 



FIG. 8B 



FAN 
FAN 
FAN 
FAN 
FAN 
FAN 



0 (k IS HIGHER THAN>| 

2 VB IN PRIORITY ) 

o rB IS HIGHER THAN^ 

^ IN PRIORITY J 



= 1 
= 0 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. n, 2000 Sheet 8 of 20 



6,134,667 




11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. 17, 2000 sheet 9 of 20 6,134,667 



RELATION AMONG TEMPERATURE RISE, FAN ROTATIONAL 
SPEED AND CPU SPEED 



MICH 














TEMPERATURE 
















A2 OR MORE 


FAN = 


3 


CPU = 


LOW 






B2 OR MORE 


FAN = 


2 


CPU = 


HIGH 






A1 OR LESS 


FAN = 


1 


CPU = 


HIGH 






C2 OR MORE 


FAN = 


1 


CPU = 


HIGH 






Bl OR LESS 


FAN = 


0 


CPU = 


HIGH 






CI OR LESS 


FAN = 


0 


CPU = 


HIGH 


LOW 














TEMPERATURE 













FIG. 10A 



RELATION AMONG TEMPERATURE FALL FAN ROTATIONAL 
SPEED AND CPU SPEED 



HIGH 














TEMPERATURE 
















A2 OR MORE 


FAN = 


3 


CPU 


= LOW 






82 OR MORE 


FAN = 


3 


CPU 


= LOW 






A1 OR LESS 


FAN = 


2 


CPU 


= HIGH 






C2 OR MORE 


FAN = 


2 


CPU 


= HIGH 






81 OR LESS 


FAN = 


1 


CPU 


= HIGH 




r 


CI OR LESS 


FAN = 


0 


CPU 


= HIGH 


LOW 














TEMPERATURE 













FIG. 10B 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 10 of 20 



6,134,667 



( SMI PROCESS ^ 



READ TEMPERATURE SENSOR ID 
AND TEMPERATURE CHANGE 
(RISE/FALL) FROM POWER 
SUPPLY CONTROLLER 



^SIOI 




SI 04 



SET COOLING 
METHOD A 

RELEASE OF 
COOLING 
METHOD A 



S1G9 



SET COOLING 
METHOD B 

RELEASE OF 
COOLING 
METHOD B 



S114 



SET COOLING 
METHOD C 

RELEASE OF 
COOLING 
METHOD C 



FIG. 11 



11/24/2003, EAST version: 1.4.1 



U.S. Patent 



Oct 17, 2000 Sheet 11 of 20 



6,134,667 




U.S. Patent Oct 17, 2000 sheet 12 of 20 6,134,667 



00 



o 



CO 

CO CSJ 



—I -< 

LU 
CD H- 
I— 3 
CO 



-< 

UJ 
LU 

:^ 



CO 



S 



CVJ 



LU 



LU 

}— 

CO 

o 

LU 



CD 



CO 

>- 

CO 



CO 





S 








C_3 LU 


0 




OS 






1 — 


cj> 0 




<j> \— 














1— 0 




1— 0 


COC^ 




CO 3C 



CO 



-J s 

I CO 

CO 



-co 



CO 



»— 



00 



o 

LU ^ 



CO 



H H H H X 

J U U U LJ^ 



CVI 
CVI 



EC 



CO 

o 



TF 




c 



00 



CO 
CO 



CO 

>- 

LU 



— CD 



CD 
CJ> 



77 



1 




CD 

00 



CO 



CD 
CO 



00 











>- 




CD 


3 


_J 








Q- Oef 


CVJ 


CNJ 




Q- LU 


-< 


CO 


CD 


=> 1 




GO 




CO 1 


<c 


CD 


0 










Q£ 






LU h- 


CD 








CO 






CD CD 








CL. C_> 


LU 
CO 







o 

CO 



/-I 

CD 



CO 



CO 



CO 
CD 



CD 



CD 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 13 of 20 



6,134,667 



BATTERY SAVE MODE 


FULL POWER 


LOW POWER 


USER SETTING 


COOLING METHOD 


PERFORMANCE 
(MOTOR FAN) 


QUIET 
(CPU CLOCK) 


PERFORMANCE/QUIET 



ALL FANS 


OPERATION 


OPERATION 


OPERATION 


FAN 0:ARE 


1 :0F SINGLE 


2 :0F TWO 


3 :0F THREE 


STOPPED 


FAN 


FANS 


FANS 



FIG. 14 



TEMPERATURE 


COOLING METHOD 


NUMBER OF FANS 


A2 OR MORE 


COOLING METHOD A 


FAN = 3 


Al OR LESS 


RELEASE OF COOLING METHOD A 


FAN = 0 


B2 OR MORE 


COOLING METHOD B 


FAN = 2 


B1 OR LESS 


RELEASE OF COOLING METHOD B 


FAN = 0 


C2 OR MORE 


COOLING METHOD C 


FAN = 1 


CI OR LESS 


RELEASE OF COOLING METHOD C 


FAN = 0 



FIG. 15 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 14 of 20 



6,134 




11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 15 of 20 



6,134,667 



CVJ 



o 



I— 

O. LU 
O I— 

CO — 



<J3 



CO 



CO 
CVJ 



cvi 



LU 
I— 

GO 

LU 



CJ) CD 

Q_ I— 
CD Z 
I— CD 



Sf 



c 



CJ> LU 
O S 
—J — 
CJ> I— 

a. o 

o I 

I— o 



—J be: s 

O _i oo 



CO 



C_5 



CD 

-co 



CO 



I 



eye 
o 



o ^ 

LU 



Q£ CD 
Q CD 



CO 



CVJ 



CD 



CO 
CO 



CO 



::> 



CVJ 

CVJ 



J U U U I 



CO 



CO 

o 
m 

T 



A. 



CD 
I— 



CO 

o 



o 
CVJ 



I 



CVJ 



oo 



CO 



CO 

>" 

LU 



— CJ3 



7> 



CVJ 



OD 



J] 



o 

CJ) I— 

C_3 CD 
Q- CJ> 




CD 
CO 



CO 



CD 
—I 
CO 



CO 



LU 



>- 
—I 
Q- 



CO 



O CD 



5 


CD 




CVJ 

-< 


CVJ 

CD 


CVJ 
CD 




CD 


C_D 


INSOR 






CO 







CD 



1^ 

C3 



IC=> 



CZXD 



CO 

t 









>- 




O 
J— 


ATTE 




ADA 


CO 




C5 









CVJ 



I \. i I 



J U U U L 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. 17, 2000 sheet 16 of 20 6,134,667 



BATTERY SAVE MODE 


FULL POWER 


LOW POWER 


USER SETTING 


COOLING METHOD 


PERFORMANCE 
(MOTOR FAN) 


QUIET 
(CPU CLOCK) 


PERFORMANCE/QUIET 



— 

FAN_A 0 : STOP 1 

FAN_B 0 : STOP 1 

FAN_C 0 : STOP 1 


: OPERATION 
: OPERATION 
: OPERATION 


FIG. 18 


TEMPERATURE 


COOLING METHOD 


FAN (STOP/OPERATION) 


A2 OR MORE 


COOLING METHOD A 


FAN_A = 1 


Al OR LESS 


RELEASE OF COOLING METHOD A 


FAN_A = 0 


B2 OR MORE 


COOLING METHOD B 


FAN_B = 1 


B1 OR LESS 


RELEASE OF COOLING METHOD B 


FAN_B = 0 


C2 OR MORE 


COOLING METHOD C 


FAN_C = 1 


CI OR LESS 


RELEASE OF COOLING METHOD C 


FAN_C = 0 



FIG. 19 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 17 of 20 



6,134,667 




11/24/2003, EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 Sheet 18 of 20 6,134,667 



FULL POWER 



OTHERS 



Power-up Mode 
CPU Cache 
Battery Save Mode 



= Boot 
= Enabled 
= Ful I Power 



Ala 
Sys 

Ala 
Key 
Poi 
Boo 



BATTERY SAVE OPTIONS 



Processing Speed 
CPU Sleep Mode 
Display Auto Off 
HDD Auto Off 

LCD Brightness 
Cool ing Method 
Cool ing Level Menu 



= HM 
= Disabled 
= 30Min. 
= DisabI ed 

= Bright 

= Performance 

= Normal/User 



FIG. 21 



COOLING LEVEL MENU = USER 



LOW 




HIGH 


CPU COOLING START TEMPERATURE 1 


V— 


1 


HDD COOLING START TEMPERATURE 1 


1 


1 


PC CARD COOLING START TEMPERATURE 1 


1 


1 



FIG. 22 



11/24/2003. EAST Version: 1.4.1 



U.S. Patent 



Oct. 17, 2000 



Sheet 19 of 20 



6,134,667 



CO 



CM 



Of 



s 



CO 

CO CM 



I— 
o —I 



o I— 
I— z 
oo — 



c_:> 

CD 

I 

C_5 



CO 

CVJ 



CO 
CM 



LO 



CO 

<3 

UJ 



o 
o 

—I —I 

O CD 

a- I— 

CD 



^ UJ 
CD ZS 



CD —I 
»— CD 
OO DC 



CM 

CM , 



4* — 

-J S 

C_> — I CO 
CO 



Q- 



CD 



CO 



CD 
I— 
CD 



oo 



UJ 



CD CJ3 



CM 



WW 

J U U U 1 



oo 

=D 
X 



CM 
CM 




UJ 
H- 

OO 

>- 
oo 



oo 



I 



31 



CD 
OO 

o 



1 



C_3 



OO 

o 



GO 



OO 

oo 



oo 

UJ 

I— 

CD 



— o 



C_3 

A A' 



.J__r~ 



as, o 

C_3 O 



CO 



CM 




CO 



CO 





1— 




— 1 

CO 








c-> 




1 

OO 


u. 





1^ 











>- 






<3 












CM 


CM 


CM 


UJ 




CO 


o 


ZD _-J 








OO _J 


<c 


CD 


CD 


CD 
















LU 1— 










oo 






O CD 








ex. CJ> 


UJ 

oo 







oo 

LU 
OO 



GQ 



o 



□ 



CO 
CVJ 

CD 



11/24/2003, EAST Version: 1.4.1 



U.S. Patent Oct. 17,2000 sheet 20 of 20 6,134,667 




11/24/2003, EAST Version: 1.4.1 



6,134,667 

1 2 

COMPUTER SYSTEM AND ITS COOLING arranged near a plurality of devices to be cooled so as to 

CONTROL METHOD respectively detect temperatures near the corresponding 

devices, and fan rotational speed control hi cans for identi- 

BACKGROUND OF THE INVENTION ^^^^ temperature sensor that has detected a temperature 

The entire contents of Japanese Patent Application No. s not less than a predetermined threshold temperature, and 

9-119640 filed on May 9, 1997 are incorporated herein by variably controlling a rotational speed of the cooling fan in 

reference. accordance with the device corresponding to the identified 

The present invention relates to a computer system and, temperature sensor, 

more particularly, to a computer system having a function of In this computer system, the temperature sensors are 

preventing overheating of devices in the system. ^0 arranged in units of devices to be cooled, and changes in 

In recent years, various portable laptop type or notebook temperature of the individual devices are respectively moni- 

type personal computers that can be driven by batteries have to^ed. By identifying the temperature sensor that has 

been developed. Such personal computers use higher- detected a temperature exceeding a threshold value, the 

performance CPUs, and the users can easily acquire a device that must be cooled is determined, and cooling is 

comfortable use environment. done at cooling power corresponding to the determined 

However, as the performance of the CPU is improved, the device. In this manner, cooling at powere most suited to the 

amount of heat generated by the CPU increases to cause temperature characteristics of the individual devices can be 

troubles. More specifically, the internal temperature of the ^^^1^^^. Also, smce the threshold temperatures can be 

computer may have exceeded the operation guarantee tern- individually set in units of sensors, not only the coohng 

peratures of other members due to heat generated by the '° P^^^'^. ^^'[ t^mP^ature can be set at 

CPU, or the CPU itself may cause operation errors by that opti^^^l ^^^f « ^^i^s of devices Therefore, measures 

j^^^j against ovcrheatmg of the individual devices can be taken 

™* . . 1 .1 ,1. J r - without waste fully rotating the fan. 

To solve such problems, recently, a method of monitoring . ^ ^ ^, . ■ . 

the temperature of the CPU using a temperature sensor „ Additional objecu and advantages of the MvenUonwJ be 

disposed near the CPU, and cooling the CPU using a cooling " i° description which follows and in part wdl be 

fan when the heat generated is considerable is used. In this "^vious from the descnption, or may be learned by practice 

case, when the CPU temperature has reached a fan rotation the mvention. The objects and advantages of the instni- 

start temperature set in advance, the rotation of the cooling mentaliUes and combinations particularly pointed out in the 

fan is started to cool the CPU. When the CPU temperature 3^ apP^nded claims. 

falls below a fan rotation stop temperature set in advance, BRIEF DESCRIPTION OF THE SEVERAL 

the rotation of the cooling fan is stopped. VIEWS OF THE DRAWING 

Inapersonalcomputer, in practice, the CPU is not the one „ . , . .... 

and only heat source, and for example, a hard disk drive, PC accompanying drawmgs which are incorporated in 

card controUer, and the like generate heat at considerably 35 and consUtule a part of the specification, illustrate presenUy 

hieh temnerature preferred embodiments of the invention, and together with 

• \, , ,. . 1 J the general description given above and the detailed descrip- 

However, since the conventional cooling control method .- r.. r j uj* * • i_i ; 

I- c 1 . r u tion of the preferred embodiments given below, serve to 

using a cooling fan uses only one temperature sensor, when i - *u ■ ■ i r *u • 

*u oTiTT* * f 11 *L . *- ir.u f - * J explain the prmciples of the mvention. 

the CPU temperature falls, the rotation of the fan is stopped ^ 

even when other devices such as the hard disk drive, PC card 40 P^^. 1 is a block diagram showing an arrangement of a 

controller, and the like are overheated. For this reason, the computer system accordmg to a first embodiment of the 

hard disk drive, PC card controller, and the like cannot be P''^^°* invenUon; 

sufficiently cooled. P^G- 2 is a view explaining three CPU operation states 

This problem can be solved to some extent by setting the provided in the system according to the first embodiment; 

fan rotation start temperature, i.e., the CPU temperature that 45 FIGS. 3A to 3D are views explaining a CPU operational 

starts fan rotation, at a sufficiently low temperature. In this performance control operation used in the first embodiment; 

case, even when the temperatures of the hard disk drive and FIG. 4 is a view showing an example of a setup screen 

PC card controller are low and they need not be cooled, the used in the first embodiment; 

fan is rotated, thus increasing consumption power and noise FIGS. 5A to 5C are views explaining contents of a battery 

due to wasteful fan rotation. 50 save option window-displayed on the setup screen in FIG. 4; 

Note that another conventional cooling control method fiQ 5 a view explaining correspondence among three 

uses a plurality of temperature sensors, but does not perform battery save modes and two cooling methods provided in the 

cooling control in correspondence with heat sources. More Q^st embodiment; 

specifically, the fan is controlled stepwise with respect to the 7 3 ^^J^ explaining a relation between tempera- 
entire housmg, but no coohng control m units of heat 55 ^^^^^ ^^^.^^ methods for each device in the first 
sources is done. For this reason, the conventional cooling embodiment; 

control method cannot perform optimal cooling control for r-t^i:^ oAJon l - ri r 

. • , . J 1 ^ . u ^-w » u f *• FIGS. 8A and 8B arc views showing states of change of 

the individual devices having different heat generation ..^ , j . 

* * the fan rotational speed m the first embodiment: 

amounts. ' 

FIG. 9 is a view explaining another example of a relation 

BRIEF SUMN4ARY OF THE INVENTION between temperatures and cooling methods for each device 

It is an object of the present invention to provide a in the first embodiment; 

computer system and its coohng control method, which can FIGS. lOA and lOB are views showing states of the fan 

use cooling methods most suited to a plurality of devices that rotational speed and CPU operational speed in the first 

must be protected firom overheating. 65 embodiment; 

A computer system according to the present invention FIG. 11 is a flowchart explaining a procedure of a coohng 

comprises a cooling fan, a plurality of temperature sensors control process in the first embodiment; 
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FIG. 12 is a view showing states of temperature change of state, not only execution of commands is stopped, but also 

each device when the cooling control process shown in RG, the external and internal clocks CLK and CLK2 are stopped, 

11 is executed; The stop grant state is an intermediate operation state 

BG. 13 is a block diagram showing an arrangement of a between the normal state and stop clock state, and its 
computer system according to a second embodiment of the s consumption current is relatively as small as about 20 to 55 

present invention- ^'°P commands are not executed. 

^ ^ ^ . . ' - . . J . Although both the external and internal clocks CLK and 

HG. 14 IS a view explammg correspondence among three ^^^^ .^j^^^^ ^^^^^ CLj^ .^ibiied 

battery save modes and two coohng methods provided m the ^^^^ supplied to a CPU internal logic (CPU core). The 

second embodiment; ^top gj-^Qt state can stop the external clocks CLK, and when 

FIG. 15 is a view explaining a relation between tempera- the external clocks CLK are stopped in the stop grant state, 

tures and cooUng methods for each device in the second the CPU 11 transits from the stop grant state to the stop clock 

embodiment; stale. 

FIG. 16 is a view explaining another example of a relation Transition between the normal state and slop grant state 

between temperatures and cooling methods for each device can be done at high speed by a stop clock (STPCLK#) 

in the first embodiment; signal, 

BG. 17 is a block diagram showing an arrangement of a That is, when the STPCLK# signal supplied to the CPU 

computer system according to a third embodiment of the ]} ^ ^^^^^^^^ i-c- set active in the iiormal state the CPU 

present invention* executes a stop grant cycle after it clears mtemal pipeUne 

r^^*.- ' ^ ' ' t L without executing the next command upon completion of the 

HG. 18 IS a view explaming correspondence among three 20 currendy executed command, and transits from the normal 

battery save modes and two coohng methods provided in the ^^^^^ ^^^^ ^^^^^ ^^^^^ ^^^^^ ^^^^^ ^^^^ 

third embodiment; STPCLK# signal is disabled, i.e., set inactive in the stop 

FIG. 19 is a view explaining a relation between tempera- g^ant state, the CPU 11 transits from the stop grant state to 

tures and cooling methods for each device in the third the normal state, and restarts execution of the next corn- 
embodiment; 25 mand. 

FIG. 20 is a view explaining another example of a relation Transition from the stop grant state to stop clock state is 

between temperatures and cooling methods for each device instantaneously done by stopping the external clocks CLK. 

in the third embodiment; When supply of the external clocks CLK to the CPU 11 is 

FIG. 21 is a view showing a modification of a setup screen restarted in the stop clock state, the CPU 11 transits to the 

used in each embodiment of the present invention; stop grant state 1 ms later. In this manner, recovery from the 

FIG. 22 is a view showing an example of a cooling level stop clock slate requires a long time, 

setting window used in each device of the present invention; As described above, the stop grant state has features in 

FIG. 23 is a view explaining inlet structure used in each that it requires very low power as compared to the normal 
device of the present invention; and 35 state, and can be quickly resumed to the normal state, i.e., 

HG. 24 is a view showing a modification of the cooling command execution state by the STPCLK# signal. For this 

level setting window shown in FIG. 22, reason, this system uses the stop grant state as a function of 

dropping the CPU operation speed. 

DETAILED DESCRIPTION OF THE Furthermore, the CPU 11 shown in FIG. 1 has the 

INVENTION following system management function. 

The preferred embodiments of the present invention will That is, the CPU 11 has an operation mode called a system 

be described hereinafter with reference to the accompanying management mode (SMM) for executing a system manage- 

dra wings. ment program dedicated to system management or power 

FIG. 1 shows the arrangement of a computer system management, in addition to a real mode, protect mode, and 
according to the first embodiment of the present invention. 45 virtual 86 mode for executing programs such as application 

This computer system is a laptop type or notebook type programs, OS, and the like. 

portable personal computer system, and comprises a CPU The real mode allows the CPU 11 to access a memory 

11, system controller 12, system memory 13, BIOS-ROM space of a maximum of 1 MB, and a physical address is 

14, real-time clock (RTC) 15, power supply controller 16, determined by an offeet value from a base address expressed 

keyboard controller 17, communication gate array 18, hard by a segment register. The protect mode allows the CPU 11 

disk drive 19, PC card controller 20, coohng motor fan 21, to access a memory space of a maximum of 4 GB per task, 

fan drive control curcuit 22, and three temperature sensors A, and a linear address is determined using an address mapping 

B, and C, as shown in FIG. 1. table called a descriptor table. The linear address is finally 

The CPU 11 uses, e.g., a microprocessor "Pentium" converted into a physical address by paging. The virtual 86 
available from Intel Corp. (USA). The CPU 11 has an 55 mode allows a program which is configured to operate in the 
internal PLL circuit, which generates internal clocks CLK2 real mode to operate in the protect mode, and the program 
equal to or higher than external clocks CLK on the basis of in the real mode is processed as one task in the protect mode, 
the external clocks CLK. As shown in FIG. 2, the CPU 11 The system management mode (SMM) is a pseudo real 
has three operation states with different consumption power mode. In this mode, the descriptor table is not looked up, and 
amounts, i.e., a normal slate, stop grant state, and stop clock paging is not executed. When a system management inter- 
state, nipt (SMI) is issued to the CPU 11, the operation mode of 

The normal state is the normal operation state of the CPU the CPU 11 is switched from the real mode, protect mode, 

11, and commands are executed in this normal state. The or virtual 86 mode to the SMM. In the SMM, the system 

normal stale requires the largest consumption power management program dedicated to system management or 
amount, and its consumption current is about 700 mA. 55 power save control is executed. 

Consumption power is smallest in the stop clock stale, and The SMI is one of non-maskable interrupts (NMIs), but is 

its consumption current is about 30 /iA. In this stop clock a top-priority interrupt having higher priority than a normal 
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NMI or a maskable interrupt INTR. By issuing this SMI, speed of the CPU 11 is lowered. Such control is donejjy 

various SMI service routines prepared as the system man- periodically setting the CPU 11 in the stop grant state:to 

agement program can be started independently of the cur- intermittently operate the GPU 11. 

rently executed application program or OS environment. In This system has a hot key function for switching these 
this computer system, in order to cool devices in the system 5 modes by predetermined key input operation. Note that the 

independently of the OS environment, rotation control of the hot key is used for directly requesting of the CPU 11, e.g., 

motor fan 21 and operation speed control of the CPU 11 are various operation mode switching to set/change the system 

done using this SMI. operation environment, and some specific keys on the key- 

The system controller 12 is a gate array for controlling board are assigned as the hot key. Upon operation of the hot 
memories and I/Os in the system, and hardware for control- lO key, some functions associated with setting/changing of the 

Ung generation of the SMI signal and STPCLK# signal to system operation environment provided by the CPU 11 are 

the CPU 11 is built in the controller 12. directly called and executed. An SMI is issued to the CPU 

The system memory 13 is a main memory which stores 11» and informs the CPU 11 of depression of the hot key. The 

the OS, the application program to be processed, user data hot key technique using the SMI is described in, e.g., 

and the like created by the application program, and the like. Japanese Patent Application No. 4-272479 filed by the 

An SRAM (System Management RAM) 50 is an overlay present applicant. 

mapped on an address space from addresses 30000H to The power supply controller 16 controls a power supply 

3FFFFH on the main memory 13, and is accessible only circuit to supply power supply voltages to the respective 

when the SMI signal is input to the CPU 11. The address units in the system, and incorporates a one-chip microcom- 

range where the SMRAM is mapped is not a permanent one, puter. The power supply controller 16 performs status man- 

and can be changed to an arbitrary location in a 4 GB CP agement of, e.g., the ON/OFF status of a reset switch and 

memory address space by a register called SMBASE. The main power switch, the battery remaining capacity, the 

SMBASE register is accessible only in the SMM. TTie initial presence/absence of connection of an AC adapter, ON/OFF 

value of the SMBASE register is address 3000H. status of a display panel open/close detection switch, and the 
When the CPU 11 enters the SMM, the CPU status, i.e., ^ like, and also monitors the temperatures of the CPU 11, 

registers and the like of the CPU 11 upon generation of the HDD 19, and PC card controller 20 using temperature 

SMI, are saved in the SMRAM 50 in the stack format. The sensors A, B, and C. 

SMRAM 50 stores a command for calling the system In this case, threshold temperatures concordant with the 

management program in the BIOS-ROM 14. This command temperature characteristics of the CPU 11, HDD 19, and PC 

is initially executed when the CPU 11 enters the SMM, and card controller 20 are respectively set in temperature sensors 

upon execution of this command, the control is passed to the A, B, and C. More specifically, a threshold temperature A2 

system management program. indicating start of fan rotation and a threshold temperature 

The BIOS-ROM 14 stores a BIOS (Basic I/O System), Al (A2>A1) indicating stop of fan rotation are assigned to 

and comprises a flash memory to allow program rewrites. temperature sensor A. Likewise, a threshold temperature B2 

The BIOS is programmed to operate in the real mode. The indicating start of fan rotation and a threshold temperature 

BIOS includes an IRT routine executed in system boot, Bl (B2>B1) indicating stop of fan rotation are assigned to 

device drivers for controlling various I/O devices, and the temperature sensor B, and a threshold temperature C2 indi- 

system management program. The system management pro- eating start of fan rotation and a threshold temperature CI 

gram is executed in the SMM, and includes an SMI program (C2>C1) indicating stop of fan rotation are assigned to 

including an SMI processing routine for controlling the CPU temperature sensor C. The reason why the fan rotation slop 

operation speed and rotation of the motor fan 21, and the temperature is lower than the fan rotation start temperature 

like, an SMI handler for determining the SMI routine to be is to stop rotation of the fan after sufficient cooling. These 

executed, and the like. fan rotation start and stop temperature values are set in the 

The SMI handler is a program in the BIOS called first by 45 po^^r supply controller 16 by the IRT routine upon system 

the CPU 11 upon generation of an SMI, and checks the PO^cr ON. 

generation factor of the SMI, and calls an SMI routine The CPU 11 generates most heat in the system, and the 

corresponding to the determined generation factor. HDD 19 and PC card peripherals come next. For this reason, 

The RTC 15 is a timepiece module having its own the relationship among the threshold temperatures satisfies 
operation battery, and has a CMOS memory which always 50 A2>B2>C2 and A1>B1>C1. 

receives a power supply voltage from that battery. The The power supply controller 16 always compares the 

CMOS memory is used for storing, e.g., setup information temperatures detected by temperature sensors A, B, and C 

indicating the system operation environment. The setup with the corresponding fan rotation start temperatures A2, 

information includes two cooling modes, i.e., a "Perfor- B2, and C2 and fan rotation stop temperatures Al, Bl, and 
mance" mode and "Quiet" mode, and one of these modes to 55 CI. When the temperature detected by a given temperature 

be used can be designated by the user. sensor has reached the fan rotation start or stop temperature. 

The "Performance" mode decreases the internal tempera- the controller 16 informs the CPU 11 of that state using the 

ture of the system without lowering the operation perfor- SMI. 

mance of the CPU 11. In this mode, the rotation/stop timing In this case, the power supply controller 16 notifies the 
and rotation speed of the fan 21 are controlled on the basis 60 CPU 11 of infoncnation using the SMI in the following 

of the CPU temperature, HDD temperature, and PC card procedure. 

controller ambient temperature respectively detected by The following example concerns the temperature of the 

temperature sensors A, B, and C. CPU U, and temperature sensor A will be taken as an 

The "Quiet" mode deereases the^amount of heat generated example. When the temperature of the CPU 11 detected by 
by the CPU 11 without.using,,the^motor fan 21 serving as a 65 temperature sensor A becomes equal to or higher than A2, or 

noise source. In this mode,-, when thcatemperature of the. GPU equal to or lower than Al, the power supply controller 16 

11 rises beyond a predetermined temperature, the operation issues an SMI to the CPU 11. In this case, the power supply 
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controller 16 sets the ID of temperature sensor A and The system controller 12 comprises a clock generation 

information indicating whether the SMI has arisen from a circuit 121 for supplying external clocks CLK to the CPU 

temperature rise or drop in status registers of the commu- 11, an SMI generation circuit 122 for supplying an SMI to 

nication gate array 18. Subsequently, the power supply the CPU 11, a slop clock control circuit 123 for controlling 
controller 16 sets an SMI generation flag in an SMI gen- 5 generation of STPCLK#, a stop clock interval timer 124 for 

eration register of the communication gate array 18. In this controlling the generation interval of STPCLK#, a stop 

manner, the communication gate array 18 generates an SMI clock hold timer 125 for controlling the period for holding 

(PS-SMI in this case), which is supplied to the CPU 11 via cPU 11 in the stop grant state, and a register file 126 

the system controller 12. aUowing the time-out count values of these timers 124 and 

The SMI routine reads the temperature sensor ID and ^25 to be programmable 

temperature rise/drop information from the sUtus registers ^ ^ ^^^^^ ^ operaUon speed of the 

of the communicaUon gate array 18. Temperature sensor A ^ ^^^^^^^ alternately repeating the stop grant state 

fh^t^SJf^t '^^^^ normal state at given time intervals t done. This control 

the SMI has arisen from a temperature nse or drop can be .„ . 1 • j u 1 . i-t^o 1 a . 

identified based on the temperamre rise/drop information. ^> ^ *^^Pl^°^^ ^^^^^^^^^^ ^^^^ 

When the SMI has arisen from a temperature rise detected When the stop clock interval time is set in the register file 

by temperature sensor A, the SMI routine selects coohng 126, the stop clock interval timer 124 periodically generates 

method A most suitable for cooling the CPU 11 from cooling a time-out output at the set time intervals. In response to the 

methods A, B, and C respectively corresponding to the CPU time-out output, the stop clock control circuit 123 sets 

11, HDD 19, and PC card controller 20, and rotates the fan STPCLK^ active. The stop clock hold timer 125 generates 
21 at rotational speed defined by the selected cooling ^ a time-out output the hold time set in the register file 126 

method A. The rotational speed of the fan 21 becomes lower after STPCLK# is set active. In response to this time-out 

in the order of cooling methods A, B, and C. output, the stop clock control circuit 123 resets STPCLK# 

Even if an SMI is generated based on temperature sensor inactive. 

B during execution of cooling method A, since cooling When STPCLK# is set inactive, the CPU 11 executes the 

method A provides more cooling than cooling method B, grant cycle, and then transits from the normal state to the 

cooling method A is preferentially executed, and cooling stop grant state. The stop grant state is maintained until 

method B is not executed. Cooling method B or C is enabled STPCLK# is reset inactive. 

after the temperature of the CPU 11 detected by temperature Hence, since the CPU U alternately repeats the stop grant 

sensor A becomes equal to or lower than Al and cooling state and normal state at given time intervals, its average 

method A is released. operation speed decreases. In this case, the rate of decrease 

Similarly, even if an SMI is generated based on tempera- in operation speed is determined by the ratio between the 

ture sensor C during execution of cooling method B, cooling stop clock internal time and hold time, 

method B is preferentially executed, and cooling method C The two cooling modes ("Performance" mode, "Quiet'* 

is not executed. Cooling method C is enabled after the mode) prepared in this system will be described in detail 

temperature of the HDD 19 detected by temperature sensor below with reference to FIGS. 4 to 6. 

B becomes equal to or lower than Bl and cooling method B FIG. 4 shows an example of the setup window used in this 

is released. system. 

The keyboard controller 17 controls a standard, built-in As shown in FIG. 4, this setup window displays, as setup 

keyboard of a computer main body. The controller 17 scans information for defining the system operation environment, 

the key matrix of the built-in keyboard to receive a signal setup information associated with a memory, display, hard 

corresponding to an ON key event, and converts it into a disk, I/O port, and password registration, and other setup 

predetermined key code (scan code). The keyboard control- information (OTHERS). This setup window is provided by 

ler 17 has two communication ports PI and P2. The com- the setup routine or the like in the BIOS-ROM, and can be 

munication port PI is connected to a system bus 1, and the called by a predetermined command input from the 

communication port P2 is connected to the gate array 18. keyboard, so that the portable computer can be set in the 

A key code (e.g., Fn+F2 keys) corrcsponduig to a hot key operation environment set on this setup window, 

assigned to the built-in keyboard is sent from the commu- Other setup information (OTHERS) on the setup window 

nication port P2 to the gate array 18, and is set in a status includes a plurality of items for defining the setup state of a 

register in the gate array 18. In this case, the gate array 18 battery save mode. In this system, three battery save modes, 

generates an SMI (hot key SMI), which informs the CPU 11 i.e., full power mode, low power mode, and user setting 

of the ON event of the hot key. mode, are available. 

On the other hand, key codes other than that of the hot key (i) The full power mode is an operation mode for high- 
are output onto the system bus 1 via the communication port performance operation, and the environmental setup con- 
Pi- 55 tents in the full power mode are provided to the user via a 

The cooling motor fan 21 is an exhaust fan. With this fan, window display shown in FIG. 5 A. That is, in the full power 

outer air is supplied from an inlet port to an outlet port mode, the processing speed is set at "High", and other items 

formed on the computer main body, thus exhausting warm such as a CPU sleep mode and the like are disabled, 

air inside the computer main body to the outside. The In this full power mode, the cooling method is set in the 

rotational speed of the fan 21 is variably controlled by the "Performance" mode. 

fan drive control circuit 22 under the control of the CPU 11. (2) The low power mode is an operation mode for 

Temperature sensors A, B, and C respectively detect the attaining power savings to prolong the battery drive time. 

temperatures around the CPU 11, HDD 19, and the PC card, The environmental setup contents in the low power mode 

as described above, and comprise thermistors, and the like, are provided to the user via a window display shown in FIG. 
The hardware arrangement for generation control of the 65 5B. That is, in the low power mode, the processing speed is 

SMI and STPCLK# in the system controller 12 will be set at "Low", and other items such as the CPU sleep mode 

explained below. and the like are enabled. 
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In this low power mode, the cooling method is set in the 
"Quiet^' mode. 

(3) The user setting mode is a mode for defining the 
operation environment in accordance with respective battery 
save option information set by the user using a setup ^ 
program, and the user can set operation states in units of 
items on a window shown in FIG. 5C. In this case, as for the 
cooling method, the ;iser can select one of the "Perfor- 
mance" mode and "Quiet" mode. 

FIG. 6 shows the relationship between these three battery 
save modes and cooling methods. 

As can be seen from FIG. 6, the power save modes and 
cooling methods link to each other. In the faU power mode 
which is normaUy used when the AC power supply is being 
used, the "Performance" mode that gives priority to the CPU 
speed is used as a cooling method. On the other hand, in the 
low power mode which is normally used when the computer 
is being battery-driven, the "Quiet" mode that gives priority 
to low consumption power is used as a cooling method. 

These three modes (full power mode, low power mode, 
user setting mode) are switched in turn by the above- 
mentioned hot key operation (Fn+F2) (toggled in the order 
of full power mode, low power mode, and user setting mode) 
without using the setup window. 25 

The cooling operations in the "Performance" mode and 
"Quiet" mode will be explained below. 

(1) The "Quiet" mode is a mode for cooling the system 
without using the motor fan 21 that becomes a noise source, 
and the operation speed of the CPU 11 is controlled on the 
basis of the temperature of the CPU 11 detected by tem- 
perature sensor A. In this case, the above-mentioned thresh- 
old temperature A2 is used as a temperature for issuing an 
SMI indicating a CPU operation speed down request, and Al 

is used as a temperature for issuing an SMI indicating a CPU 35 
operation speed up request. 

(2) In the "Performance" mode, cooling is done using the 
motor fan 21. In this case, the rotational speed of the motor 
fan 21 is variably set in the following four steps. 

0: Stop 
1: Low 
2: Medium 
3: High 

The rotational speed used is determined by the tempera- 45 
ture sensor ID as an SMI generation factor, as described 
above. 

FIG. 7 shows the relationship among the threshold tem- 
peratures respectively set in temperature sensors A, B, and 
C, cooling methods to be executed, and rotational speeds of 50 
the motor fan 21. 

As can be seen from FIG. 7, when temperature sensor A 
detects that the CPU temperature has exceeded the threshold 
temperature A2, coohng method A suitable for the tempera- 
ture characteristics of the CPU 11 is executed. In this case, 55 
the rotational speed of the motor fan 21 is set at fan-3, i.e., 
"high". Cooling method A is released when temperature 
sensor A detects that the CPU temperature has become equal 
to or lower than the threshold temperature Al. In this case, 
the rotational speed of the motor fan 21 is set at fan=0, i.e., 60 
"stop". 

Likewise, when temperature sensor B detects that the 
HDD temperature has exceeded the threshold temperature 
B2, cooling method B suitable for the temperature charac- 
teristics of the HDD 19 is executed. In this case, the 65 
rotational speed of the motor fan 21 is set at fan =2, i.e., 
"medium". Cooling method B is released when the tempera- 



40 



ture sensor B detects that the HDD temperature has become 
equal to or lower than the threshold temperature Bl, In this 
case, the rotational speed of the motor fan 21 is set at fan«0, 
i.e., "stop". 

On the other hand, when temperature sensor C detects that 
the PC card ambient temperature has exceeded the threshold 
temperature C2, cooling method C suitable for the tempera- 
ture characteristics of the PC card controller and its periph- 
eral circuits is executed. In this case, the rotational speed of 
the motor fan 21 is set at fan=l, i.e., "low". Cooling method 
C is released when temperature sensor C detects that the PC 
5 card ambient temperature has become equal to or lower 
than the threshold temperature CI. In this case, the rotational 
speed of the motor fan 21 is set at fan=0, i.e., "stop". 

FIGS. 8A and 8B respectively show changes in fan 
rotational speed upon temperature rise and fall in the system. 

Assume that the threshold temperatures satisfy: 

A2>B2>A1>C2>B1>C1 
In this case, if the temperatures around the devices to be 
subjected to temperature detection become equal to or 
higher than C2, B2, and A2 in the order of temperature 
sensors C, B, and A, the fan rotational speed increases 
stepwise in die order of fan=0, 1, 2, and 3, as shown in FIG. 
8A. 

On the other hand, upon temperature fall of the individual 
devices, the fan rotational speed changes in principle, as 
shown in FIG. SB. That is, since cooling of fan=3 (cooling 
method A) is higher than cooling method B (fan-2) in 
priority, once cooling method A is executed, it is not 
switched to other cooling methods until the CPU tempera- 
ture becomes equal to or lower than Al. Similarly, since 
coohng of fan =2 (cooling method B) is higher than cooUng 
method C (fan=l) in priority, once coohng method B is 
executed, it is not switched to cooling method C until the 
HDD temperature becomes equal to or lower than Bl. 

FIG. 9 shows the second example of cooling control in the 
"Performance" mode. 

In FIG. 9, when the CPU temperature becomes equal to or 
higher than the threshold temperature A2, cooling (fan-3) 
using the motor fan 21 and CPU operation speed down 
control (low) are combined; when the HDD temperature 
becomes equal to or higher than the threshold temperature 
B2, and when the PC card ambient temperature becomes 
equal to or higher than the threshold temperature C2, cooling 
is done by controlling only the motor fan 21 as in the above 
example. With this control, when the CPU 11 is overheated, 
the most efficient cooling method can be adopted, and the 
CPU 11 can be cooled quickly. FIGS. lOA and lOB show 
changes in fan rotational speed upon temperature rise and 
fall in the system as a result of the cooling control shown in 
FIG. 9. 

The coohng control procedure in the "Performance" mode 
executed by the SMI routine will be described below with 
reference to the flow chart in FIG. 11. 

When the SMI routine is started in response to an SMI 
supplied from the power supply controller 16, it reads the 
temperature sensor ID and temperature rise/fall information 
from the status registers in the communication gate array 18 
(step SlOl). 

The SMI routine checks based on the read temperature 
sensor ID if the SMI is generated based on temperature 
sensor A (step S102). If Y (YES) in step S102, it is checked 
if the SMI has arisen from a temperature rise or fall (step 
S103), If the SMI is generated upon detecting a temperature 
rise by temperature sensor A, the SMI routine sets coohng 
method A (fan=3, or fan=3 and CPU=low) (step 5104). On 
the other hand, if the SMI is generated upon detecting a 
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temperature fall by temperature sensor A, the SMI routine measures against overheating of the individual devices can 

releases cooling method A (fan-0, or fan-0 and CPU-high) be taken without wastefully rotating the motor fan 21. 

(step S105), The second embodiment of the present invention will be 

On the other hand, if the SMI docs not arise from described below, 

temperature sensor A, it is checked if coohng method A is in 5 FIG. 13 shows the system arrangement of a personal 

execution (step S106). If Y in step S106. the SMI routine computer according to the second embodiment of the 

ends al that lime. In this way, during execution of cooling P""^?* mvenUon. , r ^i ->i i, 

method A, switching to cooHng method B or C is inhibited. This system comprises three coohng inotor fans 21fl, 21^ 

If N (NO) in step S106, it is checked based on the 21c and the number of fans to be dnven 

} ^ J . , cini c *u cx/T • IS variably controlled in place of the multi-stage fan rota- 
temperature sensor ID read m step SlOl if the SmI is lO aonal speed control in the first embodiment, 
generated based on temperature sensor B (step S107). If Y ^^^^ specifically, temperature sensors A, B, and C are 
in step S107, it is checked if the SMI has arisen from a respectively arranged in the vicinity ofthe CPU 11, HDD 19, 
temperature rise or fall (step S108). If the SMI is generated ^.^rd controller 20, and are assigned different thresh- 
upon detecting a temperature rise by temperature sensor B, qJ^j temperatures and cooling methods in correspondence 
the SMI routine sets cooling method B (fan-2) (step S109). 15 ^ith the CPU U, HDD 19, and PC card controller 20 as in 
On the other hand, if the SMI is generated upon detecting a (he first embodiment, but the cooling power suitable for the 
temperature fall by temperature sensor B, the SMI routine device to be cooled is set by variably controlling the number 
releases cooling method B (fan=0) (step SllO). of fans to be driven concurrently. 

If the SMI does not arise from temperature sensor B, it is Cooling operations in the "Performance" mode and 

checked if cooling method B is in execution (step Sill). If 20 "Quiet" mode in the second embodiment will be explained 

Y in step Sill, the SMI routine ends al that time. With this below with reference to FIG. 14. 

control, during execution of cooling method B, switching to (1) The "Quiet" mode cools the system without using the 

cooling method C is inhibited (but switching to cooling motor fans 21a, 21b, and 21c as noise sources, and controls 

method A is permitted) *be operation speed of the CPU 11 on the basts of the 

On the other hand, if N in step Sill, it is checked based 25 temperature of the CPU 11 detected by temperature sensor 

on the temperature sensor ID read in step SlOl if the SMI ^ as in the first embodiment. In this case, the abovc- 

is generated based on temperature sensor C (step S112). If mentioned threshold temperature A2 ^used as a tempera- 

Y in step S112, it is checked if the SMI has arisen from a f ^ ^^^^ ^MI mchcatmg a CPU operaUon speed 

r • 11 ciii\ Tf cxxT ™^^.t^ri down request, and Al is used as a temperature for issuing an 

temperature nse or fall (step S113). If the SMI is generated r.»#F - j- j * 
^j,,. , \ * ^^r^^nS MI indicating a CPU operation speed up request, 

upon detecting a temperature nse by temperature sensor C, 30 ^ , ^ ^ ^ i- • j u 

.1. oK>tt * 1- *i. J /-^ /r i\ / * enj\ (2) In the Performance mode, coohng is done by 

the SMI rouune sets coohng method C (fan=l) (step S114). }^ {. ^ . . ^ „ -i-. -^i l j i *u' 

u J -r *u cxVt • * J J * *■ selectively usmg the motor fans 21a, Zlb, and 21c. In this 

On the other hand, if the SMI is generated upon detecting a t. - i- r l j- 

f 11 . ' » .u eK>rT «• case, the number of motor faus to be dnveo Concurrently IS 

temperature fall by temperature sensor C, the SMI routine . , , . r r 

1 V *u /f A\ / 4 ciic\ variably set m tour steps as rollows: 

releases cooling method C (fan=0) (step S115). a 1 1 p a 

FIG. 12 shows an example of changes in temperature in 35 ^- ^ ^^^^ stopped 

the system when the cooling control shown in FIG. 11 is Operation of single fan 

cjone. 2: Operation of two fans 

In FIG. 12, the solid curve indicates the CPU temperature; 3: Operation of three fans 

the one-dashed chain curve, HDD temperature; and the The number of motor fans to be driven concurrently is 

double-dashed chain curve, the PC card ambient tempera- 40 determined on the basis of the temperature sensor ID or the 

ture. In FIG. 12, for the sake of simplicity, the correlation like as an SMI generation factor. 

among the CPU temperature, HDD temperature, and PC FIG. 15 shows the correspondence among the threshold 

card ambient temperature is ignored. temperatures respectively set in temperature sensors A, B, 

In the example shown in FIG. 12, when the CPU tern- and C, the cooling methods to be executed, and the number 

perature reaches the threshold temperature A2, cooling 45 of motor fans to be driven concurrently, 

based on cooling method A is started. During cooling based As can be understood from FIG. 15, when temperature 

on coohng method A, the HDD temperature reaches B2, but sensor A detects that the CPU temperature has exceeded the 

cooling based on cooling method A is maintained. When the threshold temperature A2, cooling method A suitable for the 

CPU temperature becomes equal to or lower than the temperature characteristics of the CPU 11 is executed. In this 

threshold temperature Al, coohng method A is released. 50 case, the number of fans to be driven concurrently is set at 

After that, when the HDD temperature reaches B2, cooling fan=3, i.e., "operation of three fans". Cooling method A is 

based on coohng method B is started. When the CPU released when temperature sensor A detects that the CPU 

temperature reaches the threshold temperature A2 again temperature has become equal to or lower than the threshold 

during coohng based on cooling method B, cooling method temperature Al. In this case, the number of fans to be driven 

B is switched to cooling method A. 55 concurrently is set at fan=0, i.e., "all fans are stopped". 

As described above, according to the first embodiment. Likewise, when temperature sensor B detects that the 

temperature sensors A, B, and C are respectively arranged in HDD temperature has exceeded the threshold temperature 

the vicinity of the CPU 11, HDD 19, and PC card controller B2, coohng method B suitable for the temperature charac- 

20, and are respectively assigned threshold temperatures and terislics oftheHDD19is executed. In this case, the number 

cooling methods in correspondence with the CPU 11, HDD 60 of fans to be driven concurrently is set at fan=2, i.e., 

19, and PC card controller 20, thus cooling the device that "operation of two fans". CooUng method B is released when 

must be cooled at an appropriate fan rotational speed. temperature sensor B detects that the HDD temperature has 

Hence, the HDD 19 and PC card peripheries can be become equal to or lower than the threshold temperature Bl. 

cooled without making any conventional control for setting In this case, the number of fans to be driven concurrendy is 

the CPU temperature corresponding to the fan rotation start 65 set at fan-0, i.e., "all fans are stopped", 

temperature to be lower than that originally determined by On the other hand, when temperature sensor C detects that 

the temperature characteristics of the CPU. In this fashion, the PC card ambient temperature has exceeded the threshold 
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temperature C2, cooling method C suitable for the tempera- 
ture characteristics around the PC card controller is 
executed. In this case, the number of fans to be driven 
concurrently is set at fan«l, i.e., "operation of single fan". 
Cooling method C is released when temperature sensor C 5 
detects that the PC card ambient temperature has become 
equal to or lower than the threshold temperature CI. In this 
case, the number of fans to be driven concurrently is set at 
fan=0, i.e., "all fans are stopped". 

The threshold temperatures satisfy: 10 

A2>B2>A1>C2>B1>C1 
In this case, if the temperatures around the devices to be 
subjected to temperature detection become equal to or 
higher than C2, B2, and A2 in the order of temperature 
sensors C, B, and A, the number of fans to be driven is 
concurrently increases stepwise in the order of fan=0, 1, 2, 
and 3, 

On the other hand, upon delecting a temperature fall of 
each device, since cooling of fan=3 (cooUng method A) is 
higher than cooling method B (fan=2) in priority, once 20 
cooling method A is executed, it is not switched to other 
cooling methods until the CPU temperature becomes equal 
to or lower than Al, Similarly, since cooling of fan=2 
(cooling method B) is higher than cooling method C (fan=l) 
in priority, once coohng method B is executed, it is not 25 
switched to cooling method C until the HDD temperature 
becomes equal to or lower than Bl. 

FIG. 16 shows the second example of cooling control in 
the "Performance" mode. 

In FIG. 16, when the CPU temperature becomes equal to 30 
or higher than the threshold temperature A2, cooling (fan=3) 
using the motor fans 21*3, 216, and 21c and CPU operation 
speed down control (low) are combined; when the HDD 
temperature becomes equal to or higher than the threshold 
temperature B2, and when the PC card ambient temperature 35 
becomes equal to or higher than the threshold temperature 
C2, cooling is done by controlling only the number of motor 
fans to be driven as in the above example. With this control, 
when the CPU 11 is overheated, the most efficient cooling 
method can be adopted, and the CPU 11 can be cooled 40 
quickly. 

The third embodiment of the present invention will be 
described below. 

FIG. 17 shows the system arrangement of a personal 
computer according to the third embodiment of the present 45 
invention. 

In this system, three cooling motor fans 21a, 21b, and 21c 
are respectively arranged adjacent to the CPU 11, HDD 19, 
and PC card controller 20, and the fan corresponding to the 
device to be cooled is controlled. 50 

More specifically, when temperature sensor A detects that 
the CPU 11 must be cooled, the fan 21a is rotated. Similarly, 
when temperature sensor B detects that the HDD 19 must be 
cooled, the fan 21b is rotated. When temperature sensor C 
detects that the PC card peripheries must be cooled, the fan 55 
21c is rotated. In this manner, by changing the fans to be 
driven in units of devices to be cooled, optimal cooling can 
be done in units of devices. 

Coohng operations in the "Performance" mode and 
"Quiet" mode in the third embodiment will be explained 60 
below with reference to FIG. 18. 

(1) The "Quiet" mode cools the system without using the 
motor fans 21a, 21b, and 21c as noise sources, and controls 
the operation speed of the CPU 11 on the basis of the 
temperature of the CPU 11 detected by temperature sensor 65 
A as in the first embodiment. In this case, the above- 
mentioned threshold temperature A2 is used as a tempera- 
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lure for issuing an SMI indicating a CPU operation speed 
down request, and Al is used as a temperature for issuing an 
SMI indicating a CPU operation speed up request. 

(2) In the "Performance" mode, cooUng is done by 
selectively using the motor fans 21fl, 21b, and 21c, In this 
case, the motor fan 21fl (FAN-A), 21b (FAN-B), and 21c 
(FAN-C) are respectively subjected to the following 
ON/OFF operation control: 

FAN-AO: stop, 1: operation 

FAN-B 0: stop, 1: operation 

FAN-C 0: stop, 1: operation 

The fan to be ON/OFF-controlled is determined based on 
the temperature sensor ID or the like as an SMI generation 
factor, 

FIG. 19 shows the relationship among the threshold 
temperatures respectively set in temperature sensors A, B, 
and C, the cooling methods to be executed, and the motor 
fans to be ON/OFF-controlled. 

As can be seen from FIG. 19, when temperature sensor A 
detects that the CPU temperature has exceeded the threshold 
temperature A2, cooling method A suitable for the tempera- 
lure characteristics of the CPU 11 is executed. In this case, 
fan control is set at FAN-A=1, i.e., "operation" state of 
FAN-A. Cooling method A is released when temperature 
sensor A detects that the CPU temperature has become equal 
to or lower than the threshold temperature Al. In this case, 
fan control is set at FAN-A=0, i.e., "stop" state. 

Likewise, when temperature sensor B detects that the 
HDD temperature has exceeded the threshold temperature 
B2, cooling method B suitable for the temperature charac- 
teristics of the HDD 19 is executed. In this case, fan control 
is set at FAN-B-1, i.e., "operation" state of FAN-B. Coohng 
method B is released when temperature sensor B detects that 
the HDD temperature has become equal to or lower than the 
threshold temperature Bl. In this case, fan control is set at 
FAN-B=0, i.e., "stop" state. 

On the other hand, when temperature sensor C detects that 
the PC card ambient temperature has exceeded the threshold 
temperature C2, cooling method C suitable for the tempera- 
ture characteristics around the PC card controller is 
executed. In this case, fan control is set at FAN-B=1, i,e., 
"operation" state of FAN-B. Cooling method C is released 
when temperature sensor C detects that the PC card ambient 
temperature has become equal to or lower than the threshold 
temperature CI. In this case, fan conU"ol is set at FAN-B -0, 
i.e., "stop" state. 

The threshold temperatures satisfy: 

A2>B2>A1>C2>B1>C1 
In this case, if the temperatures around the devices to be 
subjected to temperature detection become equal to or 
higher than C2, B2, and A2 in the order of temperature 
sensors C, B, and A, the fans are set in the operation state in 
the order of fan 21c (FAN-C), 21b (FAN-B), and 21fl 
(FAN-B). 

On the other hand, upon detecting a temperature fall of 
each device, the cooling methods have no priority, and when 
it is detected that the device temperature has become equal 
to or lower than the fan rotation stop temperature, the 
operation of the corresponding fan is stopped. 

FIG. 20 shows the second example of the cooling control 
in the "Performance" mode of the third embodiment. 

In FIG. 20, when the CPU temperature becomes equal to 
or higher than the threshold temperature A2, cooling (FAN- 
A=l) using the motor fan 21a and CPU operation speed 
down control (low) are combined; when the HDD tempera- 
ture becomes equal to or higher than the threshold tempera- 
ture B2, and when the PC card ambient temperature 
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becomes equal to or higher than the threshold temperature 
C2, cooliag is done by controlling only the number of motor 
fans to be driven as in the above example. With this control, 
when the CPU 11 is overheated, the most eflScienl cooUng 
method can be adopted, and the CPU 11 can be cooled 5 
quickly. 

As described above, in the first to third embodiments, 
since the ambient temperatures are managed in units of 
devices using a plurality of temperature sensors A, B, and C, 
an optimal cooling method (the fan rotational speed, the 
number of fans to be driven concurrently, selection of the fan 
to be used, a combination of fan control and CPU operation 
speed control) corresponding to the overheated device can 
be selected, thus eflSciently executing cooling with lower 
noise and lower consumption power. 

In the above description, the threshold temperature values 
are permanently determined for temperature sensors A, B, 
and C. Preferably, a user interface for allowing the user to 
change these threshold temperature values is provided. This 
user interface will be explained below with reference to 
FIGS. 21 and 22. 20 

FIG, 21 shows the contents of environment setup infor- 
mation in the full power mode provided by the setup 
window. This window corresponds to that shown in HG. 
5A, and a cooling level menu is added in FIG. 21. This menu 
is used for changing the cooling start temperatiu'e in units of 25 
devices to be cooled. In "Normal" mode, default threshold 
temperatures (A2, Al, B2, Bl, C2, and CI) of the system are 
used. When the user changes the cooling level menu to 
"User** on the window, a cooling level menu semp window 
shown in FIG. 22 appears. 30 

As shown in FIG, 22, the cooling level menu window 
displays three scales for respectively adjusting the CPU 
cooling start temperature, HDD cooling start temperature, 
and PC card peripheral cooling start temperature. The cursor 
position on each scale is set at the right end position in the 35 
Normal mode. Tliis cursor position indicates the default 
cooling start temperature defined in the system. The default 
cooling start temperature value is set at the highest level, i.e., 
a maximum value within system operation guaranteed 
range. 40 

When the user moves the cursor to the left, he or she can 
re-set the cooling start temperature of each device at a value 
lower than the system default. However, the user cannot set 
each temperature at a value higher than the system default. 
This is because if the user's value is set to be higher than the 45 
system default, the system operation cannot often be guar- 
anteed. 

For example, when the user moves the cursor on the CPU 
cooling start temperature adjustment scale to the left by, e.g., 
dragging a mouse, the threshold value (A2) indicating that 50 
cooling start temperature decreases. With this change in 
value A2, the value Al is automatically changed to maintain 
a relation A2>A1. 

When the cursor on the CPU cooling start temperature 
adjustment scale is moved to the left end position, a maxi- 55 
mum cooling mode in which all the fans are kept rotated 
irrespective of the actual CPU temperature is set. In this 
case, in the first embodiment using a single fan, the fan 21 
is rotated at a maximum rotational speed irrespective of the 
temperatures detected by the temperature sensors A, B, and 60 
C. 

The contents of the cooling levels changed on the cooling 
level menu setup window are reflected in the power supply 
controller 16. Then, subsequent generation of SMls is con- 
trolled in accordance with the changed cooling levels. 65 

FIG. 23 shows a modification of an inlet mechanism of 
the system of the first embodiment. 
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In this modification, an inlet motor fan 500 is added at a 
position neighboring an inlet formed on the computer main 
body. By rotating the motor fan 500, air circulation effi- 
ciency can be improved, and high-power cooling can be 
realized. For example, this motor fan 500 is rotated in 
cooling method A described above, and is stopped in cooling 
method B or C. Hence, when the CPU temperamre becomes 
too high and high-power cooling is required, the CPU 
temperature can be immediately dropped. Such cooling 
control in cooperation with the inlet fan 500 can also be 
applied to the second and third embodiments. In this case, in 
the third embodiment, the inlet fan 500 can be ON/OFF- 
controlled in cooperation with the ON/OFF state of the CPU 
cooling fan 21a. 

When one of cooling methods A, B, and C is in execution, 
the inlet fan 500 may be rotated, and when none of these 
cooling methods are executed, the inlet fan 500 may be 
slopped. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 

1. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature. 

2. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
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second temperature has become not less than a second 
threshold temperature, and wherein at least one of said 
and first and second threshold temperatures is change- 
able by a user. 

3. A computer system comprising: ^ 
a first device to be cooled; 

a second device to be cooled, said second device being 
different firom said first device; 

a cooling fan having variable rotational speed; lO 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooUng fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 20 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 25 
threshold temperature, wherein said fan control means 
also changes the rotational speed of said cooling fan, 
based on whether or not the first temperature detected 
by said first temperature sensor has become less than a 
third threshold temperature and whether or not the 30 
second temperature detected by said second tempera- 
ture sensor has become less than a fourth threshold 
temperature, and the third threshold temperature is less 
than the first threshold temperature and the fourth 
threshold temperature is less than the second threshold 35 
temperature. 

4, A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 45 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 50 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 55 
second temperature has become not less than a second 
threshold temperature, and wherein said fan control 
means controls to rotate said cooling fan at a first 
rotational speed while the first temperature delected by 
said first temperature sensor is not less than the first 60 
threshold temperature, and said fan control means 
controls to rotate said cooling fan at a second rotational 
speed while the second temperature detected by said 
second temperature sensor is not less than the second 
threshold temperature and the first temperature 65 
detected by said first temperature sensor is less than the 
first threshold temperature. 
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5. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan conU:ol means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature, and wherein said first device is 
a CPU, and said system further comprises means for 
decreasing an operation speed of the CPU when the 
first temperature detected by said first temperature 
sensor has become not less than the first threshold 
temperature. 

6. The system according to claim 5, further comprising 
means for, when the temperature detected by said first 
temperature sensor has become not less than the first thresh- 
old temperature, controlling to selectively one of i) decreas- 
ing the operation speed of the CPU and ii) increasing the 
rotational speed of said cooling fan. 

7. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature, wherein said fan control means 
includes: 

means for, when the first temperature detected by said first 
temperature sensor is not less than the first threshold 
temperature, informing a CPU of said computer system 
of a temperature sensor ID indicating said first tem- 
perature sensor using an interrupt signal, and means for, 
when the second temperature detected by said second 
temperature sensor is not less than the second threshold 
temperature, informing the CPU of said computer 
system of a temperature sensor ID indicating said 
second temperature sensor using an interrupt signal, 
and wherein the CPU determines the rotational speed of 
said cooling fan on the basis of the informed tempera- 
ture sensor ID. 
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8. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; ^ 

a cooling fan having variable rotational speed, wherein 
said cooling fan is an exhaust fan for exhausting air 
outside said computer system that accommodates the 
first and second devices, and said system further com- 
prises an inlet fan for taking outer air into said com- 
puter system; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 15 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 25 
threshold temperature. 

9. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 35 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 40 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 45 
second temperature has become not less than a second 
threshold temperamre. 

10. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 55 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based 00 at least one of the first tempera- 
ture detected by said first temperature sensor and the 60 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 65 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
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threshold temperature, and wherein at least one of said 
first and second threshold temperatures is changeable 
by a user. 

11. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperamre sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperamre sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature, and wherein said fan control 
means also changes the number of cooling fans, based 
on whether or not the first temperature detected by said 
first temperature sensor has become less than a third 
threshold temperature and whether or not the second 
temperature detected by said second temperature sen- 
sor has become less than a fourth threshold 
temperature, and the third threshold temperature is less 
than the first threshold temperature and the fourth 
threshold temperature is less than the second threshold 
temperature. 

12. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperamre sensor detects that the 
second temperature has become not less than a second 
threshold temperature, and wherein said fan control 
means controls to drive a first number of coohng fans 
while the first temperamre detected by said first tem- 
perature sensor is not less than the first threshold 
temperature, and said fan control means controls to 
drive a second number of cooling fans while the second 
temperature detected by said second temperature sen- 
sor is not less than the second threshold temperamre 
and the first temperature detected by said first tempera- 
mre sensor is less than the first threshold temperature. 

13. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device; 
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a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature, and wherein said first device is 
a CPU, and said system further comprises means for 
decreasing an operation speed of the CPU when the 
first temperature detected by said first temperature 
sensor has become not less than the first threshold 
temperature. 

14. The system according to claim 13, further comprising 
means for, when the temperature detected by said first 
temperature sensor has become not less than the first thresh- 
old temperamre, controlling to selectively one of i) decreas- 
ing the operation speed of the CPU and ii) increasing the 
number of cooling fans to be driven. 

15. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 

first temperature related to said first device; 
a first device to be cooled; 

a second temperature sensor which is arranged to detect a 
second temperatiu'e related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature, and wherein said fan control 
means includes: 

means for, when the first temperature detected by said 
first temperature sensor is not less than the first 
threshold temperature, infonning a CPU of said 
computer system of a temperature sensor ID indi- 
cating said first temperature sensor using an interrupt 
signal; and 

means for, when the second temperature detected by 
said second temperature sensor is not less than the 
second threshold temperature, informing the CPU of 
said computer system of a temperature sensor ID 
indicating said second temperature sensor using an 
interrupt signal, and wherein 
the CPU determines the number of cooling fans to be 
driven on the basis of the informed temperature 
sensor ID. 
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16. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different from said first device: 

a plurality of cooling fans, wherein said plurality of 
cooling fans are exhaust fans for exhausting air outside 
said computer system that accommodates the first and 
second devices, and said system further comprises an 
inlet fan for taking outer air into said computer system; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature. 

17. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperatiu'e related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 
become not less than a second threshold temperature. 

18. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to delect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperature related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second cooliog fans, based on at least one of the first 



11/24/2003, EAST version: 1.4.1 



6,134,1 

23 

lemperalure detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first lemperalure sensor detects 5 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor delects that Ihe second temperature has 
become not less than a second threshold temperature, 
and wherein at least one of said first and second lo 
threshold temperatures is changeable by a iiser. 

19. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 
different firom said first device; 

a first cooling fan which is arranged to lower a first 
temperature related to said first device; 

a second cooling fan which is arranged to lower a second 
temperature related to said second device; 

a first temperature sensor which is arranged to delect the 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect 
the second temperature related to said second device; 
and 25 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 30 
causes at least one of said first and second cooling fans 
to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 35 
become not less than a second threshold temperature, 
and wherein said fan control means also ON/OFF 
controls said first and second cooling fans, based on 
whether or not the first temperature detected by said 
first temperature sensor has become less than a third 40 
threshold temperature and whether or not the second 
temperature detected by said second temperature sen- 
sor has become less than a fourth threshold 
temperature, and the third threshold temperature is less 
than the first threshold temperature and the fourth 45 
threshold temperature is less than the second threshold 
temperature. 

20. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperature related to said second device; co 

and 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 65 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
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to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 
become not less than a second threshold temperature, 
and wherein said fan control means controls to drive 
said first cooling fan while the first temperature 
detected by said first temperature sensor is not less than 
the first threshold temperature, and said fan control 
means controls to drive said second cooling fan while 
the second temperature detected by said second tem- 
perature sensor is not less than the second threshold 
temperature. 

21. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperature related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 
become not less than a second threshold temperature, 
and wherein said first device is a CPU, and said system 
further comprises means for decreasing an operation 
speed of the CPU when the first temperature detected 
by said first temperature sensor has become not less 
than the first threshold temperature. 

22. The system according to claim 21, further comprising 
means for, when the temperature detected by said first 
temperature sensor has become not less than the first thresh- 
old temperature, controlling to selectively one of i) decreas- 
ing the operation speed of the CPU and ii) driving said first 
cooling fan. 

23. A computer system comprising: 
a first device to be cooled; 

a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is anranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperature related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second coohng fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
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temperature seosor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 5 
ture sensor delects that the second temperature has 
become not less than a second threshold temperature, 
and wherein said fan control means includes: 
means for, when the first temperature detected by said 
first temperature sensor is not less than the first lo 
threshold temperature, informing a CPU of said 
computer system of a temperature sensor ID indi- 
cating said first temperature sensor using an interrupt 
signal, and 

means for, when the second temperaUire detected by 15 
said second temperature sensor is not less than the 
second threshold temperature, informing the CPU of 
said computer system of a temperature sensor ID 
indicating said second temperature sensor using an 
interrupt signal, and wherein 20 
the CPU determines a corresponding one of said first 
and second cooling fans to be driven on the basis 
of the informed temperature sensor ID. 

24. A computer system comprising: 

a first device to be cooled; 25 
a second device to be cooled, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 35 

the second temperature related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first temperature sensor detects 
the first temperature has become not less than a first 45 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 
become not less than a second threshold temperature, 
and wherein said first and second cooling fans are 
exhaust fans for exhausting air outside said computer 50 
system that accommodates the first and second devices, 
respectively, and said system further comprises an inlet 
fan for taking outer air into said computer system. 

25. A cooling control method for use in a computer system 
having a first device to be cooled, a second device to be 55 
cooled, a cooling fan having variable rotational speed, a first 
temperature sensor which is arranged to detect a temperature 
related to said first device, and a second temperature sensor 
which is arranged to detect a temperature related to said 
second device, said method comprising the steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; and 55 

changing a rotational speed of said cooling fan, based on 
results of the determining step. 



26. A cooling control method for use in a computer system 
having a first device to be cooled, a second device to be 
cooled, a plurality of cooling fans, a first temperature sensor 
which is arranged to detect a temperature related to said first 
device, and a second temperamre sensor which is arranged 
to detect a temperature related to said second device, said 
method comprising the steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperatiu-e; and 

changing a number of cooling fans to be driven, based on 
results of the determination step. 

27. A cooling control method for use in a computer system 
having a first device to be cooled, a second device to be 
cooled, a first cooling fan which is arranged to lower a 
temperature related to said first device, a second cooling fan 
which is arranged lo lower a temperature related to said 
second device, a first temperature sensor which is arranged 
to detect the temperature related to said first device, and a 
second temperature sensor which is arranged to detect the 
temperature related to said second device, said method 
comprising the steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; and 

ON/OFF controlling said first and second cooling fans, 
based on results of the determining step. 

28. A computer system comprising: 
a first device generating heat; 

a second device generating heat, said second device being 
different from said first device; 

a cooling fan having variable rotational speed; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a rotational speed of said 
cooling fan, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
ture sensor, wherein said fan control means changes the 
rotational speed of said cooling fan when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 
second temperature has become not less than a second 
threshold temperature. 

29. A computer system comprising: 
a first device generating heat; 

a second device generating heat, said second device being 

different from said first device; 
a plurality of cooling fans; 

a first temperature sensor which is arranged to detect a 
first temperature related to said first device; 

a second temperature sensor which is arranged to detect a 
second temperature related to said second device; and 

fan control means for changing a number of cooling fans 
to be driven, based on at least one of the first tempera- 
ture detected by said first temperature sensor and the 
second temperature detected by said second tempera- 
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ture sensor, wherein said fan control means changes a 
number of cooling fans to be driven when said first 
temperature sensor detects the first temperature has 
become not less than a first threshold temperature, and 
when said second temperature sensor detects that the 5 
second temperature has become not less than a second 
threshold temperature. 

30. A computer system comprising: 
a first device generating heat; 

a second device generating heat, said second device being 

different from said first device; 
a first cooling fan which is arranged to lower a first 

temperature related to said first device; 
a second cooling fan which is arranged to lower a second 15 

temperature related to said second device; 
a first temperature sensor which is arranged to detect the 

first temperature related to said first device; 
a second temperature sensor which is arranged to detect 

the second temperature related to said second device; 

and 

fan control means for ON/OFF controlling said first and 
second cooling fans, based on at least one of the first 
temperature detected by said first temperature sensor 
and the second temperature detected by said second 
temperature sensor, wherein said fan control means 
causes at least one of said first and second cooling fans 
to be rotated when said first temperattire sensor detects 
the first temperature has become not less than a first 
threshold temperature, and when said second tempera- 
ture sensor detects that the second temperature has 
become not less than a second threshold temperature. 

31. A cooling control method for use in a computer system 
having a first device generating heat, a second device 
generating heat, a cooling fan having variable rotational 
speed, a first temperature sensor which is arranged to detect 
a temperature related to said first device, and a second 
temperature sensor which is arranged to detect a temperature 
related to said second device, said method comprising the 

r- 40 

Steps of; 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; and 

changing a rotational speed of said cooling fan, based on 
results of the determining step. 

32. A cooling control method for use in a computer system 
having a first device generating heat, a second device 50 
generating heat, a plurality of cooling fans, a first tempera- 
ture sensor which is arranged to detect a temperature related 

to said first device, and a second temperature sensor which 
is arranged to detect a temperature related to said second 
device, said method comprising the steps of: 55 
determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; and 60 
changing a number of cooling fans to be driven, based on 
results of the determination step. 

33. A cooling control method for use in a computer system 
having a first device generating heat, a second device 
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generating heat, a first cooling fan which is arranged to 
lower a temperature related to said first device, a second 
cooling fan which is arranged to lower a temperature related 
to said second device, a first temperature sensor which is 
arranged to detect the temperature related to said first device, 
and a second temperature sensor which is arranged to detect 
the temperature related to said second device, said method 
comprising the steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
delected by said second temperature sensor has become 
not less than a second threshold temperature; and 
ON/OFF controlling said first and second cooling fans, 
based on results of the determining step. 

34. A cooling control method for use in a computer system 
having a first device including a CPU to be cooled, a second 
device to be cooled, a cooling fan having variable rotational 
speed, a first temperature sensor which is arranged to detect 
a temperature related to said first device, and a second 
temperature sensor which is arranged to detect a temperature 
related to said second device, said method comprising the 
steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; 

changing a rotational speed of said coohng fan, based on 
results of the determining step; and 

decreasing an operation speed of the CPU when the 
temperature detected by said first temperature sensor 
has become not less than the first threshold tempera- 
ture. 

35. Acooling control method for use in a computer system 
having a first device to be cooled, a second device to be 
cooled, a cooling fan having variable rotational speed, a first 
temperature sensor which is arranged to detect a temperature 
related to said first device, and a second temperature sensor 
which is arranged to detect a temperature related to said 
second device, said method comprising the steps of: 

determining whether or not a temperature detected by said 
first temperature sensor has become not less than a first 
threshold temperature and whether or not a temperature 
detected by said second temperature sensor has become 
not less than a second threshold temperature; 

changing a rotational speed of said cooUng fan, based on 
results of the determining step; 

informing a CPU of said computer system of a tempera- 
ture sensor ID indicating said first temperature sensor 
using an interrupt signal, when the temperature 
detected by said first temperatiue sensor is not less than 
the first threshold temperature; 

informing the CPU of said computer system of a tem- 
perature sensor ID indicating said second temperature 
sensor using an interrupt signal, when the temperature 
detected by said second temperature sensor is not less 
than the second threshold temperature; and 

causing the CPU to determine the rotational speed of said 
cooling fan on the basis of the informed temperature 
sensor ID. 

***** 
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